Remarks 

The specification has been amended at page 3 to specify the 
meaning of the terms PCI, ISA, and AMR. While Applicant submits 
that the terms ''PCI, ISA, and AMR" are readily understood by 
those skilled in the art, the full names for those terms have 
been inserted to expedite allowance. As they are now fully 
defined in the specification, no amendments are necessary in the 
claims with respect to those terms. 

The specification has also been amended at pages 5 and 6 to 
correct typographical errors. Chemical names for the 

trademarked materials listed on page 10 have been inserted. 

Claims 1-9, 17-21, and 25-27 have been cancelled without 
prejudice to the filing of continuing applications. In 
particular, these claims have been cancelled consistent with 
Applicant's election of the claims of Group II. 

Claim 10 has been amended such that the edge connectors 

have a maximum contact resistance of about 70 x 10"^ Q, and such 

that the conductive ink comprises a thermoset epoxy binder, 

graphite powder, carbon black, and silver flakes, and wherein 

the silver flakes have an average size not greater than about 

10|im. Support for these amendments is found in the specification 

as originally filed. For example, support for the thermoset 

epoxy binder is found at page 5, line 2; and support for the 
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contact resistance is found at page 5, line 11. Claim 13 has 
been amended to properly depend from claim 12 . Claim 14 has 
been amended to indicate the material that was previously 
described by a trademark. Thus, no new matter has been added by 
any of the amendments made herein. 

The specification has been objected to and claims 10-12 
have been rejected as being indefinite pursuant to 37 C.F.R. § 
112, second paragraph because they recite, as units for sheet 
resistivity, Q/sq/15jLtm. Applicant submits that these units are 
clear and well known to those skilled in the art; they do not 
render the claims indefinite. The Applicant has enclosed as 
Appendix 1 hereto a section of ''Thick Film Technology and 
Applications", Electrochemical Publications, Ltd., Isle of Mann, 
British Isles, 1997, by Malcolm Haskard and Keith Pitt that 
explains how sheet resistivity is determined. The Examiner's 
attention is directed to page 3, line 4, through the end of page 
5. As discussed there, the resistor depicted in Figure 1.5 has 
a resistance calculated using Equation 1.1: 

L 

tW 

In situations where the length and the width of the resistor are 
the same, i.e., the resistor is a square, the resistivity p is 
defined as Q/sq. In the rejected claims, the resistivity is 
presented for a given thickness, 0.15 /xm. 
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The use of these units to define sheet resistivity is also 
explained in pages 40-43 from a chapter titled Thick-Film Design 
Guidelines, a copy of which is attached hereto as Appendix 2. 
Unfortunately, the Applicant has not been able to determine the 
title, author or other information about the book from which 
this chapter is excerpted. Applicant is certain the book was 
published earlier than one year before the filing date of this 
application. It is quite clear from that chapter that the use 
of ''Q/sq/15/xm" is common in the art and its use in the claims 
does not render the them indefinite. As is explained on page 
40, sheet resistivity is determined as bulk resistivity, p, times 
length, divided by the cross-sectional area. Again, where the 
length and width are equal, the units for sheet resistivity 
simplifies to Q/sq/thickness, in this case, 15/zm. 

Consequently, there can be no question that the units for 
sheet resistivity used in the claims are well understood to 
those skilled in the art. The person skilled in the art would 
certainly know what Q/sq/15/im means. Thus, claims 7 and 17 are 
not indefinite. 

The term ''grind" in claims 15, 16, and 17 is correct and 
intended by Applicants. 

The claims also stand rejected under 35 U.S.C. § 103(a) as 
being rendered obvious by Research Disclosure (June 1989, no. 
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302.) or Applicant's admitted start of the art (page 2 of the 
specification) in combination with U.S. Patent No. 4,545,926 
(Fouts et al.) or information from Methode Development Co. 
pertaining to Goldstone #3000 conductive overprint ink ("Gold 
Substitute"). Contrary to the Examiner's argument, these 
references, taken alone or in combination, do not render the 
claimed invention obvious. 

The teachings of Fouts et al . and Gold Substitute together 
with Research Disclosure or Applicant's admitted prior art do 
not render the present invention obvious to a person of ordinary 
skill in the art, taken alone or in combination. In reviewing 
obviousness rejections, the Federal Circuit has stated that 
where claimed subject matter is rejected as obvious in view of a 
combination of references, ''a proper analysis under § 103 
requires, inter alia, consideration of two factors: (1) whether 
the prior art would have suggested to those of ordinary skill in 
the art that they should make the claimed composition or device, 
or carry out the claimed process; and (2) whether the prior art 
would also have revealed that in so making or carrying out, 
those of ordinary skill would have a reasonable expectation of 
success." In re Vaeck , 947 F.2d 488, 493, 20 U.S. P. Q. 2d 1438, 
1442 (Fed. Cir. 1991) . The Federal Circuit emphasized that 
"[b]oth the suggestion and the reasonable expectation of success 
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must be found in the prior art, not in the applicant's 
disclosure." Id. 

First, the claims require that the maximum resistance 

across the edge connector be about 70 x 10"^ Q. This maximum 
resistance is nowhere suggested by the discussion of the prior 
art in the specification on page 2, or the Fouts et al . , Gold 
Substitute or Research Disclosure references. If anything, it 

— ,^-.—1.-. o-v.,-..!- ■i-i^,,*-^ 1 os».^Vio.c! =k mi r /-tin rrvda-hov mavTrmim 

bCeUliD UliClU J^WU.UO c: ClJ. . c O Ci J. O iiiMwxx ^ j_ w *- J- *i»w*-^-.. .►.WW... 

resistance. 

Second, contrary to the Examiner's position, neither Gold 
Substitute or Fouts et al . nor Research Disclosure contains the 
requisite motivation to combine their respective teachings. 
Third, Gold Substitute or Fouts et al - in view of Research 
Disclosure does not provide a reasonable expectation of success 
in making the claimed circuit boards. The second and third 
points made above are discussed in more detail in the following 
paragraphs . 

Gold Substitute discloses a screenable polymer finish for 
copper tabs and keyboard pad contacts. There is no disclosure 
or suggestion in that document of the components required by the 
claims for the conductive ink. Indeed, there is no discussion 
at all of what components are used to make the ink. Further, 
Gold Substitute is completely silent with respect to the maximum 

resistance across the edge connector of about 70 x 10"^ Q. The 
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deficiencies in Gold Substitute are not found in any of the 
other cited references. Thus, there is nothing in the Gold 
Substitute document indicating that material may be used in the 
claimed .invention. 

Fouts et al. relates to conductive polymers having a 
positive temperature coefficient of resistivity. These 
compositions exhibit positive temperature coefficient (PTC) 
behavior. In other words, these compositions ''undergo a large 
increase in resistivity as the temperature increases above a 
certain level." See the Fouts et al . Abstract and Figures 1-8. 
Such materials are used to prepare resettable fuses for high 
current applications, Fouts et al . , column 1, line 58. 

The Fouts et al . disclosure lacks any suggestion that the 
disclosed composition can be used as a component of an edge 
connector. The missing suggestion is not found in Research 
Disclosure . 

Research Disclosure discloses ''low cost edge tabs" 
comprising a "cured resistive ink directly on base metal." In 
particular. Research Disclosure - requires a " special filled 
polymer resistor ink" printed over copper connector pads. 
Research Disclosure points out that the ink is special "in that 
it has the necessary wear resistance and also protects the pad 
underneath it from the environment. Further, "the electrical 
path is transverse of the ink layer so that little resistance is 
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introduced." See Research Disclosure at lines 13-18. However, 
Research Disclosure is completely silent about what components 
are found in the ink. The document is only a brief description 
of the objective, low resistance with a sufficient level of 
durability, to be achieved without any suggestion of how to 
achieve that goal. What is clear though from this document is 
that no more than ^'little resistance" may be introduced by the 
composition. 

The requirement in Research Disclosure of "little 
resistance" is a clear teaching away from using a material that 
has a high resistance once a certain temperature is reached. 
Consequently, the teaching in Research Disclosure cannot be 
combined with that of Fouts et al . since Fouts does not teach 
materials that only have low resistance. Put another way, there 
is no suggestion in either reference to use the material of 
Fouts et al . in the scheme envisioned by Research Disclosure. 

In addition, since Research Disclosure requires a "special" 
ink without giving any guidance whatsoever as to its components, 
it cannot be said that the combination of the references yields 
the necessary reasonable expectation of success. Certainly, 
assuming arguendo that the references can be properly combined, 
they do not remotely contain the information necessary for one 
skilled in the art to judge whether the combination would 
generate a useful circuit board. The rejection set forth in the 
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Action does not, therefore, satisfy the criteria outlined by 
the Federal Circuit for making a prima facie case of 
obviousness . 

For the above reasons, withdrawal of the 35 U.S.C. 103(a) 
rejection is, therefore, respectfully requested. 

Applicants respectfully solicit allowance of the claims as 
amended and passage of the case to issuance. Should the 
exa^mlaer believe that a discussion of this matter would be 
helpful, he is invited to telephone the undersigned at (312) 
913-0001. 

Respectfully submitted, 



Dated: February 27, 2004 By: 




MCDONNELL BOEHNEN 
HULBERT Sc BERGHOFF LLP 
300 South Wacker Drive 
Chicago, Illinois 60606 
(312) 913-0001 
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2 Thick'film Technology and Applicathns 

was used m any real way in commercial products. BM, in ^"^^^^^^^^ 
^eS«J a series of pastes based on paltadJmn known » ^^/^M senes^Th«e 
pMWsW used by IBM in its 360 computer series (Davis ttal, }^y^?^l^ 
5oM andranee of pastes are many and the versatility and applicaaons of 
?L «^-ing continuaUy. Figure 1.2 fll«stn«s .cveial tfuck-fSlm 

^^^d« yean, the siBcscreening process bad not been the oriy m^Aod ^ «. 
pr^Vfflm circuit. Vacuum deposition, electioplatmg. spm^ '^^^ 
Kne or »rayins and die siampins « examples of alternative processes. Some aie 
^SempliS^ay wid. or widK,ut*ickemng by c'ccuoplau^^ 

Zm ^^^^^^^^'^ and is called -tbm film • "^^J^J^ 

«^Sgeffl thai the difference between the two technolopts B 
tSSrial bid down. Such is not the case. By and large, a ihin-film «*^« f » 
!IS!dfflosiied bv. a vacuum deposition (evaporation, sputt ermg, etc.) process, 

wheteasTdiiek-fibn circuit means a screening process Bifib«9i "^[^ 
Schapter the thick-film process win now be considered in mote dcualam^ 

compared with the alternative technologies. 




Fig.ia AssotnneMofftick-filmprodnai.(CounBsyofPMip«AostnUa) 
1.1 AN OVERVIEW OF THE THICK-FILM PROCESS 

The process consists of a number of simple steps which are iqiMted jn« 
i„^^ correct sequence. THese steps are screen ^^^fec^^^LtlSinR 
these a number of standard electronic processes must be added mcluding cleanmg, 
soldering, electrical test and packaging. rK» «m« woeess thai has been 

The basic step to the F«:ess is the screening. It is the satne pwcess thai oeen 
os«i by S prSing and fabric-making industries for generation.,. TJ* "^^^1^^ 
^ are nu^d itaough a screen by a squeegee, made of a phable n^rial. Only 
to «J h^ i^ «he screen 4l tte paste come through. Thus the pattem on 
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PROCESS 

« which are repeated several times 
lanufaaure. printing and firing. To 
must be added tncludmg cleaning, 

t is die same process that has been 
For generations. The inks, or pastes 
. made of a pliable material. Only 
come through. Thus the pattern oo 



dte screen defines the resultant pattern printed on the jstrate. Since an electrical 
circuit is to be printed, the substrate must be an insulator such as alumina, polytister 
(for polymer pastes) or porcelain-coated sieel. 

Let us consider the manufacture of the simple transistor circuit given in Figure 1 .3. 
Because the transistor caimot be screen-printed, it must be added as a discrete surface- 
mounted component or silicon die, later to be wire bonded out. 

Before production can occur, the circuit must be produced as a two-dimensional 
layout which defines where conductor tracks run, the size, shape and position of 
resistors and capacitors, allowing space for pads of appropriate size for external 
connections and the mounting of chip components including semiconduaor devices 
(Figure 1.4(a)). The layout consists of several layers, a layer being required for each 
different paste type. Thus there will be a lower conductor paste layer, resistor paste 
layer, insulator paste layer and second upper ccmductor paste layer, die last two 
necessary to foran the capacitor. Consequcnily, this circuit would require four screens 
one for each layer (Figure 1.4). 




TJV 



Fig. i J Grcuii to be fibricaied to UlustraK the thick-film process. 



The physical size of die resistors is calculated from the propeny of paste to be used, 
called •sheet resistance*. TMs term allows the transfomiaiion of a diree-dimensional 
process into one dias is two-dimensional or planar The assumption is diat the screen- 
printing process will always prim a constant tUdkness. 
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4 Thick-film Technology and Applications 

Hence, a resistor of dimensions shown in Figm U has a resisuuice R given by: 
L 



iW 



-4 



(1.1) 



where: ^ 

9 mJL 



p is the bulk resistivity of the paste laaterial 
t is the constant thickness 




(a)Pulllayont 




I I 



(b) Fixst conductor layer 



(c) Resistors layer 





(d) Dielectric layer 



(e) Second conduoor layer 



Fig. 14 Layout of the simple transistor amplifier. 



is called the sheet resistance of the paste. To determine the size of an L and W 
for a given resistor (say R j ), if is greater than R^ one needs a long resistor, therefore 
W will be the smaller dimension. By making W the minimum dimension the process 
allows (assuming other factors like dissipation do not cause a problem), one can now 
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In order to produce the circuit 
as follows: 

1 The four screens must be madf 

2 The first conductor is printed, ; 
be transformed to its final coir. 
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sUtor amplifier. 
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design a resistor of the coiieci value of minimum pi le dimensions. Thai is. 
knowing Rp R, and W, L can be calculated from Equation (l.I). Should R^ be less 
than R,, then L will be the smaller dimension, to be made tht minimum value set by 
tbfs process, and W can then be calculated. 

For the capacitor, if the printed thickness of the dielectric is constant then a given 
dielectric paste has a fixed capacitance per unit area. For a known cjqjacity value 
requirement C^, the area can now be computed. It will be seen later that a chip 
capacitor is often preferred to a printed one. However, in this example one will be 
printed to illustrate the process more fully. 

Renzming to the resultant artwork for each of the four layers, they are next 
transferred to a mesh screen by a photographic process. The mesh of plastic or 
stainless steel is tightly stretched over a frame. Using a light-sensitive, thick emulsion 
coating on the screen, and exposing the screen through actual size positives of the 
aiTWoric to ultra-violet light, the portioniB of the emulsion where printing is not to occur 
are polymerised by the light and do not dissolve away during the development stage- 
The resulting screens, one for each layer, win define the areas to be primed, as they 
are covered widi emulsion (preventing any paste from being squeezed through except 
for the small section defined by the origiDal artwork) and phctogrs^hically removed. 
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Fig. 15 Dimensions of a rtsistor: 

In order id produce the circuit of Figure 1.3« the thick*film process would proceed 
as follows: 

1 The four screens must be made. 

2 The first conductor is printed^ allowed lo setde and dry, and then fired so chat it can 
be transformed to its final composition. 
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3 The dielectric is printed, dried and fired. The dicleciric is processed before the 
resistors, as the firing temperature is often higher. Two printings of dielectric are 
nonnally undertaken to etisure there ait no pinholes.to cause a short cn^^ 

4 The upper oonduaor b printed, dried, but not necessarily fired. 
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Fig. 1.6 



Summaiy of a typical ibick-film process. 



Fig. 1.7 
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5 As each firing may cause a change in the sheet resisianc-, it is good policy to fire 
tesisrors as late as possible in a process. The resistors are printed, dried and co-fited 
with the conductor. Should the pastes not allow co-firing, separate firings must be 
employed. Sinularly. separate firings may occur after ihc printing of each of the two 
dielectric layers. 

While this completes the printing process, various other steps are requited to 
complete the product If the ±20% printing tolerance of the resistors is too large 
resistors can be trimmed (upwards only) in value by removing some of the paste using 
a laser or an air abrader. Next, the smaU outline package !iansisior must be surfacc- 
mwinted by soldering it in place. The circuit can then be tested and. if it petfomis 
sausfacrorily, can be packaged or encapsuIaKd in a dip plastic. A fmal inspection, test 
and pgroduct branding cooiplete the mannfiacniring process. 

Figure 1.6 is a flow diagram of a more general thick-film process allowing several 
options, while Figure 1.7 is die circuit diagram and layout of a thick-film product 
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